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Projection device having increased efQciracy 

• * 

EPO-DG 
0 6. 03. 2005 

The inv^tion relates to a projection device for projecting an image /J^ 
conqwising a light source, a transmissive LCD projection subsystem and a projection means 
for projecting the image. The invention relates further to a corresponding method of 
projecting an image and to a transmissive LCD projection device. 

5 

A projection device »>f this kifa is discloised in US 5,889,567. According to 
one embodiment the display system includes a parabolic light source and a condenser lens to 
focus the light from the light source through an aperture of a light pipe assembly. Hie light 
pipe traminates at an abutting phase plate. The image plane of a LCD panel is separated from 

10 the image plane of tiie phase plate by a distance. A projection lens projects the image form on 
the display panel onto a viewing surfece. The light pipe assembly 330 includes four reflective 
sur&ces ij^ch cooperate to create a light guide or pipe which is dimensioned so as to evenly 
mix tiie light from the ^erture before the light reaches the phase plate. It is preferably a rod 
having a rectangular cross section and &bricated from optical glass with reflective sur&ces 

15 on the periph^ suifiice of the rod. The phase plate separates the impmging light into red, 
green and blue wavelength conq)on^ts and directs those wavelengths components onto 
respective sub-pixels of the LCD panel. By driving the LCD panel wifli control circuitiy, the 
sub-pixels can be valved so as to generate a colour image across the face of the display panel. 
It is the object of the present invention to provide an improved projection 

20 device having ahigher efficiency of utilisation of light and which can be built smaller and 
cheaper. 

This object is achieved according to the present invention by providing a 
projection subsystem in the projection device comprismg: 

- a wave-guide integrator for guidmg light from an entrance to an exit, tiie inner entrance 
25 surfece of said integrator being coated with a reflective material and having a hole for 

coiqsling light emitted from said light source into said integrator, 

- a reflective polarizer provided at the exit surface of said mtegrator for reflecting light 
having a wrong polarization back into said integrator. 
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2 04.03.2002 
- atransmissiveLCDprovidedatlheexitofsaidreflectivepol^^^ 

Ught transmitting said polarizer, said LCD having an integrated reflective color filter 
array for reflecting having a wrong color back mto said integrator. 

•me invention is based on the idea to reflect as much as possible Ught which 
can not be used effectively back into the wave guide integrator or insight the wave-guide 
integrator itself so as to improve utilisation of U^t Further, by mtegrating certain elements 
of the projection subsystem a very small and lowcost projection device can be built The 
projection subsystem according to the present invention uses a wave-guide integrator of tiie 
type as described in US 5,146.248 orUS 5,889,567, particularly with reference to Fig. 19. the 

-^ption^e^e^^enUs^erei^^incoq^ t^ by reference. The wave-guide 

mtegratoraccordmg to the inventionhaTan exit windowthat is coupled toatransmiss^^^ 

LCD with an integrated reflected colour filter array. Between the exit window and the LCD a 
reflective polarizer is placed. THe polari2«r reflects Ught having a wrong polari2^tion back 
into the integrator. whUe the reflective colour filter array reflects Ught havhxg a wrong colour 
1 5 back into the integrator. Since a mirror is located at the entrance surfece of the integrator, 
havmgonlyasmallholemtoittoaUow the light from the projection lamp to enter the 

integrator, most of the light ihtat is bounced back m the hxtegrator hits the mirror, is recycled 
and receivesanewopportunitytopass the display and Mtthe screen. TliusaMgheffici^^ 

of light utilization can be achieved. 

20 Preferred embodiments of the invention are defined m the dependent clahns. A 

corresponding method of projecting an image according to the invention is defined in claim 
10 A transmissive LCD projection device for use in a projection device as claimed m dami 1 
is defined m claun 9. Most of the light reflected into the wave-guide hxtegrator will then be 
redirected to the LCD at the reflective entrance surface of the wave-guide. 

25 It is prefeiied that the reflective colour filter array comprises a dichroic mkior 

or a polymer layer. However, any other reflective colour filter means may also be used. 
Normally, such type of color LCDs contain a color filter-pattem using absorption type of 
filter elements. THese absorption type of filter-elements absorb the Hght with the wrong 
spectral characteristics. Smce the Ught is absorbed it is lost and cannot be recycled. Next, this 
30 absorption generates heat and such Umits the aUowed Ught density on the panel (due to bfe 
time restrictions of the system), and such this Umits tiie maxhnum brightness. Usmg 
reflective color filters enables tiie Ught to be recycled and allows higher Ughtflux tinrough the 
panel. 
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To obtain a very small size projection device the reflective colour fOlter array 
is preferably located at the inner sur&ce of one of the substrates of said LCD, Le. close to the 
pixel-structure in the LCD panel, such at the inside of the glass carrier plate of which tiie 
display is made, and is between the polarizer and the LCD. The LCD panel comprises an LC 
S layer sandwiched between two glass substrates. Each substrate has a thickness of approx. O.S 
or more mm. Having the filter-pattern at the outside surface of the display would mean that 
there is a distance of more than O.S nmi between the filter-pattern and the pixel-structure. 
This would cause parallax problems and limit the nmnerical aperture of the system such that 
hardly any light can pass the system. It should be noted that typical pixel-dimensions are in 
10 the range of 5 to 20 micron. 

In order to maiutain a 4:3 or 16:9 aspect ratio the reflective colour filter array 
preferably comprises a number of colour stripes having a 3:1 aspect ratio. 

For changing the polarization of light reflected back into the integmtor 
retardation films are preferably provided at the exit side of the integrator. 
IS In order to fiirther increase efficiency of light utilisation the exit surfoce of the 

LCD outside the visible window is made reflective so that light will also be reflected back 
into the wave-guide integrator fit>m those parts of the LCD. 

Depending on the type of ^pUcation the colom filter array preferably either 
has an orthogonal or a diagonal configuration^ the orthogonal configuration being preferred 
20 for data projection and the diagonal configuration being preferred for video projection. 

Preferably, the integrator is made of a higher refractive index material such 
that the light that hits the side walls during traversing fi'om the entrance surface to the exit 
surface is boxmced back into the integrator by critical angle reflections. 



25 The invention will now be explained in more detail with reference to the 

drawings in which 

Fig. 1 shows an embodiment of a projection device according to the present 

invention. 

Fig. 2 shows the entrance surface of the wave-guide integrator and 
30 Fig. 3 shows an LCD witii an integrated reflective colour filter array. 



A projection device according to the present invention is shown in Fig. 1. It 
comprises a light source 1, such as a projection lamp having an elliptical reflector, for 
emittmg a li^t beam 2, a projection subsystem 3, an analyser 4 and a projection lens S for 
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projecting an image ontoascreeaora.vaU.TT>eprojection subsystem 

guide integrator usingawave plate as rod integrator having the entrance s^^^^ 

with a reflecting material 33 such as a mirror. The Ught 2 from the projection lamp 1 is 
coupled into the wave-guide integrator 30 viaasmaUhole 32 in1hemixror33 at the e^^^ 

surface 3 1 . The exit surface 34 of ti«e wave^de integrator 30 is coupled to a transmissive 
Uquid crystal display (LCD) 36 via a reflective polarizer 35. llie LCD 36 fi^^ 

an integrated reflected colour filter array 37. 

The reflective polarizer 35 reflects light with wrong polarization back into the 
wave-guide integrator 30. Light from the wrong colour is reflected by the colour filter array 

--^d^e^edisfeibutedjnsideAe.»^guid^^ ^ ^0. The polarization of the 

reflected Ught can be changed either by retardation fihns or by birefringence inside the wave- 
guide integrator 30. It wiUthenbe reflected by the reflective mirror33 at the entra^^^ 

31 back to the LCD 36. Thus, ahigh effident system ushxg as much as possible light is 
achieved. Further, since only a few optical components of small size are required and since 
the wave-guide integrator 30 itself canbe of low cost, the invention allows to build an 
extremely small and low cost projection device. 

Apart from reflecting having a wrong colour back into the wave-guide 
integrator 30 the colour filter array 37 separates the impinging light mto red, green and blue 
wave length components and <fcects fliose wavelength components onto req,ective sub-pixels 
of the LCD panel 36. By driving the LCD 36 with control circuitry (not shown), the sub- 
pfacels can be valved so as to generate a colour image across the fece of the LCD 36. 

The wave-guide integrator 30 includes reflective surfaces which cooperate to 
create a Ught guide or pipe. Tbe Ught pipe is dimensioned so as to evenly mbc the Ught from 
the entrance hole 32 before the Ught reaches the reflective polarizer 35. Preferably, flie wave- 
guide integrator 30 is sufficiently birefringent to obtain polarization conversion inside of it. 
On the exit side 34 an additional retardation fihn can be positioned to improve the 
polariz^on conversion. The length of the waveguide integrator 30 can be designed such as 
to guarantee an optimal integration fimction. 

The entrance surfece 31 of flie wave-guide integrator 30 is shown from 
another perspective in Fig. 2. Therem the hole 32 inflie centre of flie entrance plate 31 canbe 
clearly seen. THe remammg surfece 33 of the entrance plate 3 1 is coated with a reflective 
mirror layer so as to reflect Ught inside the wave-guide integrator 30. 

The LCD 36 together with the mtegrated reflective colour filter array 37 is 
shown in more detail in Fig. 3. Fig. 3a shows a cross section through the LCD panel 36 
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c^mpiising two layers between which the reflective colour filter array 37 is located. An 
enlarged portion 38 of said array 37 is shown in Fig. 3b. Even rhore details can be recognized 
in Fig. 3c showing an enlarged portion 39. Therein it can be seen that the filter array 
comprises colour stripes 391, 392, 393 of three different colours havhig a 3:1 aspect ratio to 
S maintain Ifae 4:3 or 16:9 aspect ratio. Furflier, the filter array can have an orthogonal or a 
diagonal configuration, diagonal being preferred for video, orthogonal for data. 

The present invention requires an LCD with a reflective colour filter array. 
However, since only one LCD is required, the LCD can be larger than in a three panel 
system. In summary, a small size and low cost projection device can be built, preferably of 
10 the transmissive type having only a single panel LCD. 
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I 

CLAIMS: EPO-DGl 

^6. 03. 2002 
@ 

1 . Projection device for projecting an image comprising a light source for 
emitting light, a transmissive LCD projection subsystem and a projection means for 
projecting the image, said projection subsystem comprising: 

- a wave-guide integrator for guiding light firom an entrance to an exit, the inner entrance 
surfiice of said integrator being coated with a reflective material and having a hole for 
coiq>ling light emitted from said light source into said integrator, 

- a reflective polarizer provided at the exit surface of said integrator for reflecting light 
having a wrong polarization back into said integrator, 

- a transmissive LCD provided at the exit of said reflective polarizer for modulating the 
light transmitting said polarizer, said LCD having an integrated reflective color filter 
array for reflecting light having a wrong color back into said integrator, 

2. Projection device as claimed in claim 1, wherein said reflective color filter 
array comprises a dichroic mirror or a polymer layer. 

3. Projection device as claimed in claim 1, wherein said reflective color filter 
array is located at the inner surface of one of the substrates of said LCD and between said 
polarizer and said LCD. 

4. Projection device as claimed in claim 1, wherein said reflective color filter 
array comprises a number of color stripes having a 3:1 aspect ratio. 

5- Projection device as claimed in claim 1 , wherein said wave-guide integrator 

fijrther comprises retardation films for changing the polarization of light reflected back into 
the integrator. 

6. Projection device as claimed in claim 1, wherein the surface of the LCD 

outside the visible window is made reflective. 
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7. Projection device as claimed in claim 1. wherein said reflective colour filter 
array comprises an orthogonal or diagonal configuration. 

8. Projection device as claimed in claim 1. vy^herein said integrator is made of a 
5 higher refractive index material for reflectmg Ught 

9 Transmissive LCD projection device for use in a projection device for 

pK,jectmg an image as claimed in claim 1 comprising a Ught source for emitting Ught and a 
projection means, said projection device comprising: 

10 - aN^,aV<^guiacmic|^aior far^mdiu 6 U ghtft o mon ^e^4^^^ 

surface of said integrator bdng coated with a reflective material and having a hole for 
coupUng Ught emitted fiom said Ught source into said integrator, 
- a reflective polarizer provided at the exit surfece of said integrator for reflecting Ught 

having a wrong polarization back into said integrator, 
15 _ atransmissiveLCDprovidedattheexitofsaidreflectivepolarizerformodulatingAe 

light transmitting said polarizer, said LCD having an integrated reflective color filter 
array for reflecting Ught having a wrong color back into said integrator. 

10. Method of projectmg an image comprismg the steps of: 

20 - emitting Ught using a Ught source, 

- guidmg light received from said Ught source at an entrance to an exit using a wave-guide 
integrator, the imier entrance surface of said integrator being coated with a reflective 
material and havmg a hole for coupUng light emitted from said Ught source into said 

integrator, ^ 
25 - reflectingUghthavingawrongpolarizationbackintosaidintegratorusingareflective 

polarizer provided at the exit surfece of said integrator, 

- modulating the Ught transmitting said polarizer using a transmissive LCD provided atthe 
exit of said reflective polari2«r. said LCD having an integrated reflective color filter array 
for reflecting Ught having a wrong color back into said integrator. 
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ABSTRACT: 



03. 2002 
@ 



The invention relates to a projection device for projecting an image 



comprising a light source (1), a LCD projection subsystem (3) and a projection means (4, 5) 
for projecting the image. A small size and low cost projection device is proposed wherein 
said projection subsystem comprises: 
5 - a wave-guide integrator (30) for guiding light from an entrance (3 1) to an exit (34), tiie 
inner entrance sur&ce (33) of said integrator (30) being coated with a reflective material 
and having a hole (32) for coupling light emitted from said li^t source (1) into said 
integrator (30), 

- a reflective polarizer (35) provided at the exit surface (34) of said integrator (30) for 
10 reflecting light having a wrong polarization back into said integrator (30), 

— a transmissive LCD (36) provided at the exit of said reflective polarizer (35) for 



modulating the light transmitting said polarizer (35), said LCD (36) having an integrated 
reflective color filter array (37) for reflecting light having a wrong color back into said 
integrator (30). 
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Fig. 1 
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